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IMAGE PROCESSING APPARATUS AND 
IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image forming appa 
ratus and an image processing apparatus and, more 
particularly, to an image forming apparatus for forming an 
image by scanning a rotating photosensitive member With 
modulated light based on an image signal, and an image 
processing apparatus for supplying an image signal to the 
image forming apparatus. 

2. Related Background Art 
A laser printer for forming an image on a sheet-like 

recording medium by scanning a photosensitive drum With 
a laser beam is knoWn. 

FIG. 8 is a vieW shoWing the arrangement of an optical 
scanner generally used for such a laser printer. 

A semiconductor laser 80 as a component of a scanning 
optical system using a laser beam in the optical scanner is 
driven by a laser drive signal from a laser drive circuit 81 in 
accordance With an image modulating signal to emit a 
light-modulated laser beam. The laser beam emitted from 
the semiconductor laser 80 is incident through a collimator 
lens 82 and a cylindrical lens 83 on a rotating polyhedral 
mirror (to be referred to as a polygon mirror hereinafter) 85 
driven by a scanner motor 84. The incident light is de?ected 
by the polygon mirror 85. The laser beam de?ected by the 
polygon mirror 85 serving as a de?ector is formed into an 
image by an f-G lens 88 constituted by a spherical lens 86 
and a toric lens 87. Thereafter, the direction of the optical 
path of the light is changed by a re?ecting mirror 89, and the 
light is irradiated on a photosensitive drum 90 Which rotates 
at a constant speed. 

The photosensitive drum 90 is sequentially scanned With 
this laser beam in a main scan direction a upon rotation of 
the polygon mirror 85 and in a sub-scan direction b upon 
rotation of the photosensitive drum 90 at predetermined 
timings. With this operation, an electrostatic latent image 
corresponding to the light-modulated laser beam is formed 
on the photosensitive drum 90 Whose surface has been 
uniformly charged. This image is developed into a toner 
image by a developing device (not shoWn). The toner image 
is then transferred onto a sheet-like recording medium fed in 
the sub-scan direction b, and subjected to a ?xing process, 
thereby completing the image formation process. 

The laser beam from the polygon mirror 85 is re?ected by 
a horiZontal synchroniZation mirror 91 placed at a predeter 
mined position outside an image formation area and detected 
by a horiZontal synchroniZation signal monitor photodiode 
92. As a result, a BD (Beam Detect) synchroniZation signal 
(to be referred to as a horiZontal synchroniZation signal BD 
hereinafter) is generated. The timing of a main scan opera 
tion in a horiZontal direction parallel to the axial direction of 
the photosensitive drum 90 is based on the horiZontal 
synchroniZation signal BD. This horiZontal synchroniZation 
signal BD serves as a reference signal for the timing of each 
process in the laser printer. 

In addition, the horiZontal synchroniZation signal BD is 
input to an image processing unit 93 for performing drive 
control on the scanner motor, image signal control, and the 
like to be synchroniZed With an image processing clock for 
image signal modulation Which is generated by a crystal 
oscillator, thereby performing timing control for the start of 
image formation. That is, an image signal input to the image 
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2 
processing unit 93 is output, to the laser drive circuit 81, as 
an image modulating signal containing information associ 
ated With an image Write start timing in the main scan 
direction Which is controlled in accordance With the image 
processing clock. A laser de?ection/scan operation is then 
executed by the route described above. 

If timing variations occur for each main scan operation in 
the process of image formation start timing control, a print 
dot pattern is distorted. As a result, high-quality printing 
cannot be maintained. For this reason, image formation start 
timing control is performed on the basis of the horiZontal 
synchroniZation signal BD, as described above. With this 
control, in sequentially performing a main scan operation, a 
?rst printed dot pattern is free from distortion. 
A monitor ampli?er 94 detects a current signal corre 

sponding to the amount of light received by a photodiode 
(not shoWn) arranged near the emission area in the semi 
conductor laser 80, and performs APC control (Automatic 
PoWer Control; automatic light amount control) on a laser 
drive signal from the laser drive circuit 81 on the basis of this 
current signal such that the amount of light emitted from the 
semiconductor laser 80 becomes a standard light amount. 

In the above case, a reference oscillator such as a crystal 
oscillator for oscillating/outputting an image processing 
clock is required to establish synchroniZation With an image 
processing clock for image signal modulation by using the 
horiZontal synchroniZation signal BD and perform image 
formation start timing control. The horiZontal synchroniZa 
tion signal BD is detected at an asynchronous timing With 
respect to the output phase of the reference oscillator. For 
this reason, an image modulating signal must be generated 
at the timing of an image processing clock for image signal 
modulation Which is generated on the basis of the horiZontal 
synchroniZation signal BD and can control the image for 
mation start timing. 

In order to control the image formation start timing With 
a precision of % dot, the phase error betWeen the horiZontal 
synchroniZation signal BD and the image processing clock 
must be set to 1A or less of the image processing clock 
period. The folloWing conventional method has therefore 
been proposed. In this method, a highly stable reference 
oscillator such as a crystal oscillator is used, and the 
oscillation frequency is set to n times (n is a positive integer) 
the image processing clock frequency. An oscillation fre 
quency Q times the clock frequency is frequency-divided in 
synchronism With the phase of the horiZontal synchroniZa 
tion signal BD to generate an image processing clock for 
image signal modulation. With this method, the phase error 
betWeen the horiZontal synchroniZation signal BD and the 
image processing clock can be suppressed to % or less of the 
image processing clock period. 

In another case, a clock selection means is used. This 
clock selection means uses a delay line element having a 
plurality of output taps for a plurality of output signals With 
different delay times. In this arrangement, an image pro 
cessing clock is input to the delay line element, and the 
phase of the clock is sequentially delayed in units of 1A the 
image processing clock period. The resultant clocks are 
output to the respective output taps. Of these outputs, the tap 
output exhibiting the least phase error With respect to the 
phase of the horiZontal synchroniZation signal BD is 
selected. The phase error can be reduced by using the 
selected clock as an image processing clock having under 
gone phase correction. 

In the former case, if, for example, the image processing 
clock frequency is set to 18 MHZ, and the phase error 
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allowable value is set to 1/16 (n=16) dot, a crystal oscillator 
serving as a reference oscillator is required to have a high 
oscillation frequency of 448 MHZ. It is, hoWever, dif?cult to 
obtain a crystal oscillator having such a high frequency. 
Even if such an oscillator can be obtained, it costs too much. 

In the latter case, since the delay time of the delay line 
element greatly varies, the delay time of each tap of the 
delay line element must be managed to realiZe a phase error 
of 1A dot or less. In practice, hoWever, it is dif?cult to 
manage the delay time. Even if delay line elements Which 
can realiZe an alloWable phase error can be obtained, the 
yield of such elements is poor. 
Assume that image data is to be subjected to piXel division 

modulation at intervals of 1A< (k is a n arbitrary integer) of the 
image processing clock period. In this case, When parallel 
image data input at the image processing clock period is 
sequentially converted into serial data and output by using a 
clock having undergone a 1/i< phase shift, Which is selectively 
output from the clock selection means using the delay line 
element, jitter corresponding to the variations of the delay 
line element may occur in the image data having undergone 
piXel division modulation. For this reason, only delay line 
elements Which are free from variations and hence from 
phase errors may be selected and used. In this case, hoWever, 
since the yield of these components is poor, the apparatuses 
become very expensive. 

In both of the foregoing cases, a pha se error may be 
caused betWeen the horiZontal synchroniZation signal BD 
and an image processing clock oWing to the ?nishing 
precision of the polygon mirror, and the image formation 
start timing of each scan line may be shifted, resulting in 
jitter in the formed image in the main scan direction. For this 
reason, only polygon mirrors With high ?nishing precision 
Which do not cause any phase error may be selected and 
used. In this case, hoWever, the apparatuses become very 
eXpensive. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above situation, and has as its object to provide an image 
forming apparatus Which can control the image formation 
start timing With a precision of 1A dot by reducing the phase 
error betWeen a horiZontal synchroniZation signal BD and an 
image processing clock to 1A or less of the period of the 
image processing clock With an inexpensive arrangement. 

In order to obtain the above object, according to the 
present invention, there is provided an image forming appa 
ratus Which has scanning means for scanning a rotating 
photosensitive member With light modulated on the basis of 
an image signal and emitted from a light source, scan light 
detecting means, placed at a predetermined position With 
respect to the rotating photosensitive member, for detecting 
scan light from the scanning means, and a reference 
oscillator, and scans the rotating photosensitive member at a 
predetermined timing based on an oscillation output from 
the reference oscillator and a detection signal from the scan 
light detecting means to form an electrostatic latent image 
corresponding to the image signal, and forms an image 
corresponding to the electrostatic latent image on a record 
ing medium, comprising high-frequency clock generating 
means for generating a high-frequency clock having a 
frequency n (n is an integer that satis?es n22) times that of 
an oscillation output from a reference oscillator, image 
processing clock generating means for generating an image 
processing clock synchroniZed With the detection signal 
from the scan light detecting means on the basis of the 
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4 
high-frequency clock and the detection signal from the scan 
light detecting means, and modulating means for generating 
an image modulating signal by modulating the image signal 
on the basis of the high-frequency clock, Wherein the light 
source is driven on the basis of the image modulating signal. 

In the apparatus of the present invention, the high 
frequency clock generating means comprises a phase-locked 
loop circuit for performing control to generate the high 
frequency clock phase-locked to an oscillation output from 
the reference oscillator. 

In the apparatus of the present invention, the high 
frequency clock generating means comprises the reference 
oscillator, reference oscillation frequency dividing means 
for frequency-dividing an oscillation output from the refer 
ence oscillator, and a phase-locked loop circuit for generat 
ing the high-frequency clock phase-locked to a frequency 
division output from the reference oscillation frequency 
dividing means. 

In the apparatus of the present invention, the phase-locked 
loop circuit comprises phase comparing means for receiving 
the oscillation output or the frequency division output as a 
reference signal, a voltage-controlled oscillator for changing 
an oscillation output frequency on the basis of an output 
error signal from the phase comparing means, and frequency 
dividing means for performing 14 frequency division of an 
oscillation output from the voltage-controlled oscillator and 
supplying the resultant signal as a comparison signal to the 
phase comparing means. 

In the apparatus of the present invention, the image 
processing clock generating means comprises synchroniZa 
tion signal generating means for generating a synchroniZa 
tion signal phase-locked to the detection signal, and high 
frequency clock frequency dividing means for generating an 
image modulating clock by frequency-dividing the high 
frequency clock When the synchroniZation signal has a 
predetermined logic value, and stopping generation of the 
image modulating clock When the synchroniZation signal 
has another logic value. 

In the apparatus of the present invention, the synchroni 
Zation signal generating means comprises reset signal gen 
erating means for generating a reset signal synchroniZed 
With the detection signal, and a ?ip-?op Which has a data 
input terminal set at high level and outputs the synchroni 
Zation signal on the basis of the reset signal and the detection 
signal. 

In the apparatus of the present invention, the synchroni 
Zation signal generating means comprises an edge detecting 
circuit for detecting an edge of the detection signal in 
synchronism With the high-frequency clock, a counter for 
counting clock pulses of the high-frequency clock and 
outputting one pulse in a cycle of n clock pulses, and a 
?ip-?op having an output Whose logic value is inverted in 
accordance With the pulse and an output from the edge 
detecting circuit. 

In the apparatus of the present invention, the high 
frequency clock frequency dividing means outputs an image 
modulating clock for generating the image modulating sig 
nal by performing 1/i< (k is an arbitrary integer that satis?es 
kin) frequency division of the high-frequency clock, and 
outputs an image processing clock obtained by performing 
1/m (m is an arbitrary integer that satis?es m<k§n) frequency 
division of the high-frequency clock. 

In the apparatus of the present invention, the modulating 
means comprises a latch circuit for latching the parallel 
image signal in response to the image processing clock, and 
parallel/serial conversion means for converting an output 
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from the latch circuit into serial data at the timing of the 
image modulating clock. 

In the apparatus of the present invention, the high 
frequency clock generating means, the image processing 
clock generating means, and the modulating means are 
formed into an integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing an image forming 
apparatus according to the ?rst embodiment of the present 
invention; 

FIGS. 2A, 2B, 2C and 2D are timing charts for explaining 
generation of a synchroniZation signal m and an image 
processing clock PCLK; 

FIG. 3 is a block diagram shoWing the internal arrange 
ment of an IC 11 for BD synchronization and laser modu 
lation; 

FIGS. 4A, 4B, 4C, 4D, 4E, 4F, 4G, and 4H are timing 
charts shoWing the Waveforms of signals at the respective 
portions of the IC 11; 

FIG. 5 is a block diagram shoWing an image forming 
apparatus according to the second embodiment of the 
present invention; 

FIG. 6 is a block diagram shoWing the internal arrange 
ment of an IC 60 for BD synchroniZation and laser modu 
lation; 

FIGS. 7A, 7B, 7C, 7D, 7E, 7F, 7G, 7H, 71, 7], and 7K are 
timing charts shoWing the Waveforms of signals at the 
respective portions of the IC 60; and 

FIG. 8 is a vieW shoWing the arrangement of an optical 
scanner generally used in a conventional laser printer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The embodiments of the present invention Will be 
described in detail beloW With reference to the accompany 
ing draWings. 
(First Embodiment) 

FIG. 1 is a block diagram shoWing an image forming 
apparatus according to the ?rst embodiment of the present 
invention. 

The image forming apparatus shoWn in FIG. 1 is a laser 
printer, Which is mainly constituted by a printer controller 1, 
a printer engine 2, and an optical scanner (not shoWn). This 
optical scanner includes the constituent elements 82, . . . , 89, 

and 94. 
The printer controller 1 develops an image code sent from 

a host computer, Which is an external unit, into bit map data, 
and supplies the data, as 4-bit parallel image data VDO 
(0, . . . , 3) synchroniZed With a 600-dpi image processing 
clock PCLK, to the printer engine 2. 

The printer engine 2 includes an IC (integrated circuit) 11 
for BD synchroniZation and laser modulation for performing 
laser modulation for the image data VDO (0, . . . , 3) in BD 

synchroniZation (in synchronism With a horiZontal synchro 
niZation signal BD), and generating an image processing 
clock PCLK, a crystal oscillator 12 externally attached to the 
IC 11, a laser drive circuit 81 for generating a laser drive 
signal from an image modulating signal PVDO having 
undergone laser modulation in BD synchroniZation, and a 
semiconductor laser 80 for emitting light in accordance With 
a laser drive signal from the laser drive circuit 81. The 
semiconductor laser 80 is a component of the optical scanner 
in FIG. 8. 
As Will be described later, the IC 11 generates the image 

processing clock PCLK, and also generates the image modu 
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6 
lating signal PVDO modulated as 2,400-dpi serial data by 
performing parallel/serial conversion With respect to the 
4-bit parallel image data VDO (0, . . . , 3) in synchronism 
With the horiZontal synchroniZation signal BD. The gener 
ated image modulating signal PVDO is used to control the 
semiconductor laser 80 through the laser drive circuit 81 to 
scan and expose a photosensitive drum 90 (see FIG. 8), 
thereby forming and printing an image on a sheet-like 
recording medium, as described above. 
The printer engine 2 further includes a D ?ip-?op (to be 

referred to as a D-F/F hereinafter) 15 and a reset signal 
generating circuit 16. A data input terminal D of the D-F/F 
15 is connected to a poWer supply voltage Vcc and set at 
high level. A horiZontal synchroniZation signal BD from a 
horiZontal synchroniZation signal monitor photodiode 92 
(see FIG. 8) is supplied to the clock input terminal of the 
D-F/F 15 and the input terminal of the reset signal gener 
ating circuit 16. These operations Will be described in detail 
beloW With reference to FIGS. 2A to 2D. 

FIGS. 2A to 2D are timing charts for explaining genera 
tion of a synchroniZation signal m and the image process 
ing clock PCLK. 
The synchroniZation signal E (see FIG. 2B) appearing 

at the output terminal of the D-F/F 15 goes from loW level 
to high level in synchronism With the leading edge of the 
horiZontal synchroniZation signal BD (see FIG. 2A) indi 
cating a reference for the start of printing. When the syn 
chroniZation signal E is set at high level, the IC 11 starts 
operating to generate the image processing clock PCLK (see 
FIG. 2D) synchroniZed With the synchroniZation signal E, 
as Will be described later. 
The reset signal generating circuit 16 outputs a reset 

signal W (see FIG. 2C) Which goes from high level to loW 
level When a predetermined period of time has elapsed from 
the timing of the leading edge of the horiZontal synchroni 
Zation signal BD and the laser exceeds an effective image 
formation area. With this operation, the D-F/F 15 is reset, 
and the synchroniZation signal E is set at loW level. As a 
result, the generation of the image processing clock PCLK 
is stopped. The reset signal W is restored to high level at 
a predetermined timing, and arrival of a horiZontal synchro 
niZation signal BD corresponding to the next scan beam is 
Waited. In this manner, the synchroniZation signal E for 
the IC 11 Which is phase-locked to the horiZontal synchro 
niZation signal BD is generated. 

FIG. 3 is a block diagram shoWing the internal arrange 
ment of the IC 11 for BD synchroniZation and laser modu 
lation. 
The IC 11 is constituted by a crystal oscillating circuit 31 

to Which the crystal oscillator 12 is externally attached, a 
VCO (Voltage-Controlled Oscillator) 32, a phase comparing 
circuit 33, a half quarter frequency dividing pre-scaler 34, a 
half frequency dividing circuit 35, a quarter frequency 
dividing circuit 36, a latch circuit 37, and a parallel/serial 
conversion circuit 38. Of these components, the VCO 32, the 
phase comparing circuit 33, and the half quarter frequency 
dividing pre-scaler 34 constitute a PLL (Phase-Locked 
Loop) circuit 39. 

FIGS. 4A to 4H are timing charts shoWing the Waveforms 
of signals at the respective portions in FIG. 3. 
The crystal oscillating circuit 31 oscillates/outputs a ref 

erence clock fr (see FIG. 4A) having the same clock 
frequency as that of a desired 600-dpi image processing 
clock PCLK, and supplies it as a reference signal to the 
phase comparing circuit 33. An output fo obtained by 
performing half quarter frequency division of an oscillation 
output from the VCO 32, Whose oscillation output frequency 
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is changed on the basis of an output error signal from the 
phase comparing circuit 33, by using the half quarter fre 
quency dividing pre-scaler 34 is supplied as a comparison 
signal to the phase comparing circuit 33. The phase of this 
signal is compared With that of the reference clock fr. As a 
result, the PLL circuit 39 generates an eighth harmonic clock 
8fo (see FIG. 4B) Which is phase-locked to the reference 
clock fr and has undergone eight-times frequency multipli 
cation. 

This operation is a free run operation, and the eighth 
harmonic clock 8fo is not reset by the synchroniZation signal 
m (see FIG. 4D). The half frequency dividing circuit 35 
starts half frequency division of the eighth harmonic clock 
8fo in synchronism With the timing at Which the synchro 
niZation signal E is set at high level, and outputs a fourth 
harmonic clock 4fo (see FIG. 4C). A phase error Epl 
betWeen the synchroniZation signal m and the fourth 
harmonic clock 4fo is suppressed to one period or less of the 
eighth harmonic clock 8fo having the maximum frequency 
(see FIGS. 4B to 4D). 

The quarter frequency dividing circuit 36 starts quarter 
frequency division of the fourth harmonic clock 4fo in 
synchronism With the timing at Which the synchroniZation 
signal m is set at high level, and outputs an image 
processing clock PCLK (see FIG. 4E) Which has the same 
frequency as that of the output fo and is completely syn 
chroniZed With the fourth harmonic clock 4fo. Therefore, the 
phase error betWeen the image processing clock PCLK and 
the synchroniZation signal m is suppressed to one period or 
less of the eighth harmonic clock 8fo. 

MeanWhile, 600-dpi, 4-bit parallel image data VDO 
(0, . . . , 3) (see FIG. 4F) is latched by the latch circuit 37 
in accordance With the image processing clock PCLK and 
supplied to the parallel/serial conversion circuit 38. The 
parallel/serial conversion circuit 38 converts the image data 
into serial data and outputs it. As a result, 2,400-dpi, 1-bit 
serial image modulating signal PVDO (see FIG. 4G) is 
obtained. The semiconductor laser 80 emits light in accor 
dance With a laser drive signal from the laser drive circuit 
based on this image modulating signal PVDO. As a result, 
a print result like the one shoWn in FIG. 4H is obtained in 
the main scan direction. 

According to this embodiment, the PLL circuit 39 gen 
erates the eighth harmonic clock 8fo by performing eight 
times frequency multiplication of the output fo from the half 
quarter frequency dividing pre-scaler 34 Which is phase 
locked to the reference clock fr from the crystal oscillating 
circuit 31. In addition, synchroniZation control of the phase 
of the fourth harmonic clock 4fo, Which is obtained by 
frequency-dividing the eighth harmonic clock 8fo having a 
higher frequency than the image processing clock PCLK, is 
performed on the basis of a detection signal (horiZontal 
synchroniZation signal BD) from the horiZontal synchroni 
Zation signal monitor photodiode 92 using the polygon 
mirror 85. This synchroniZed clock 4fo is frequency 
divided. As a result, the eighth harmonic clock 8fo is 
subjected to half quarter frequency division to generate the 
image processing clock PCLK. 

With this operation, the phase error betWeen the horiZon 
tal synchroniZation signal BD and the image processing 
clock PCLK can be suppressed to 1—/8 or less the period of 
the image processing clock PCLK. For this reason, the start 
timing of image formation in the main scan direction can be 
controlled Within one period or less of the eighth harmonic 
clock 8fo, and the jitter in the main scan direction can be 
controlled on an alloWable level of a dot precision of 1A (n 
is a multiplication number With respect to the reference 
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8 
clock fr for a clock having the maximum frequency; 8 in this 
case). By using a quartZ oscillating circuit having a loW 
oscillation frequency equal to or loWer than the image 
processing clock, a high-quality image can be formed With 
out using any unnecessarily expensive high-frequency crys 
tal oscillator. In addition, since any crystal oscillator having 
an unnecessarily high oscillation frequency is not required, 
little unnecessary radiation occurs, and stable, high 
precision image formation timing control can be performed. 

Furthermore, parallel/serial conversion of 4-bit parallel 
image data V (0, . . . , 3) input at an image processing clock 
period is performed by using the fourth harmonic clock 4fo 
(a multiplication number k of this clock may be an arbitrary 
integer that satis?es kén) having a frequency four times that 
of the image processing clock PCLK Which is easily gen 
erated by only frequency-dividing an eighth harmonic clock. 
With this operation, pixel division modulation processing of 
performing a high-speed serial output operation can be 
performed at a rate four times the image processing clock 
PCLK (at a period 1/i< the image processing clock period). 

In the above embodiment, the multiplication number set 
in the PLL circuit 39 is 8. HoWever, this number is only an 
example. For example, the multiplication number n may be 
an arbitrary integer that satis?es n22. The synchroniZation 
precision With respect to the horiZontal synchroniZation 
signal BD can be improved by increasing the multiplication 
number in the PLL circuit using, for example, a 1/16 pre 
scaler. If very high synchroniZation precision is not required, 
the multiplication number can be decreased. In order to 
decrease the multiplication number, a frequency dividing 
circuit may be arranged betWeen the crystal oscillating 
circuit 31 and the phase comparing circuit 33. 

In the above embodiment, one pixel is divided into four 
portions (4-bit parallel/serial conversion). HoWever, the 
division number can be arbitrarily set Within the range in 
Which parallel/serial conversion can be performed With the 
multiplication number in the PLL circuit 39. That is, if the 
multiplication number in the PLL circuit 39 is 8, one pixel 
can be divided into a maximum of eight portions (8-bit 
parallel/serial conversion) by omitting the half frequency 
dividing circuit 35. 

In the ?rst embodiment, the external circuits attached to 
the IC 11 generate the reset signal RST on the basis of the 
horiZontal synchroniZation signal BD and input it to the IC 
11. For this reason, the interval in Which the image process 
ing clock PCLK is disabled is determined depending on the 
external circuits (the D-F/F 15 and the reset signal gener 
ating circuit 16) attached to the IC 11. 
(Second Embodiment) 

FIG. 5 is a block diagram shoWing an image formation 
apparatus according to the second embodiment of the 
present invention. In the second embodiment, in an IC, a 
horiZontal synchroniZation signal is converted into a reset 
signal W to perform horiZontal synchroniZation and laser 
modulation. The same reference numerals in FIG. 5 denote 
the same parts as in the ?rst embodiment, and a description 
thereof Will be omitted. 
The image forming apparatus shoWn in FIG. 5 is a laser 

printer, Which is mainly constituted by a printer controller 1 
and a printer engine 2a. The printer engine 2 a includes an 
IC 60 for BD synchroniZation and laser modulation Which 
performs laser modulation for image data VDO (0, . . . , 3) 
in BD synchroniZation and also generates a image process 
ing clock PCLK, an external crystal oscillator 12, a laser 
drive circuit 81, and a semiconductor laser 80. 

FIG. 6 is a block diagram shoWing the internal arrange 
ment of the IC 60 for BD synchroniZation and laser modu 
lation. 
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The IC 60 is constituted by a block identical to the internal 
block of the IC 11 (a crystal oscillating circuit 31 to Which 
a crystal oscillator 12 is externally attached, a VCO 32, a 
phase comparing circuit 33, a half quarter frequency divid 
ing pre-scaler 34, a half frequency dividing circuit 35, a 
quarter frequency dividing circuit 36, a latch circuit 37, and 
a parallel/serial conversion circuit 38) and a block (an edge 
detecting circuit 61, a JK ?ip-?op (to be referred to as a 
JK-F/F hereinafter) 62, an inverter 63, and a counter 64) 
Which is not included in the IC 11. 
A BD synchroniZation unit 65 is constituted by the edge 

detecting circuit 61 for detecting the leading edge of a 
horiZontal synchroniZation signal BD and outputting a hori 
Zontal synchroniZation signal edge detection pulse BDE 
having a predetermined Width, a counter 64 for outputting 
one carry signal CR, Which is a pulse having a predeter 
mined Width, every time it counts eight clock pulses of an 
eighth harmonic clock 8fo from a PLL circuit 39, a JK-F/F 
62 for outputting a ?rst horiZontal synchroniZation output 
BDS, Whose logic value is inverted in synchronism With the 
eighth harmonic clock 8fo, upon detecting the leading edges 
of the horiZontal synchroniZation signal edge detection pulse 
BDE and the carry signal CR, and the inverter 63 for 
outputting a horiZontal synchroniZation output m 
obtained by inverting the logic value of the ?rst horiZontal 
synchroniZation output BDS. The BD synchroniZation unit 
65 generates the second horiZontal synchroniZation output 
m synchroniZed With the horiZontal synchroniZation sig 
nal BD on the basis of the horiZontal synchroniZation signal 
BD. 

FIGS. 7A to 7K are timing charts shoWing the Waveforms 
of signals at the respective portions in FIG. 6. 

The BD synchronization unit 65, in Which the second 
embodiment differs from the ?rst embodiment, Will be 
described beloW With reference to FIGS. 7A to 7K. 

The edge detecting circuit 61 detects the leading edge of 
the input horiZontal synchroniZation signal BD, and outputs 
the horiZontal synchroniZation signal edge detection pulse 
BDE (see FIG. 7D). A sampling error based on the eighth 
harmonic clock 8fo (see FIG. 7B) corresponds to a phase 
error Ep2 (see FIGS. 7B and 7C) betWeen the eighth 
harmonic clock 8fo and the horiZontal synchroniZation sig 
nal BD (see FIG. 7C). The horiZontal synchroniZation signal 
edge detection pulse BDE is input to an input terminal J of 
the JK-F/F 62, and the ?rst horiZontal synchroniZation 
output BDS (not shoWn) from the JK-F/F 62 is input to the 
inverting reset terminal of the counter 64. When, therefore, 
the ?rst horiZontal synchroniZation output BDS is set at high 
level, the reset state of the counter 64 is canceled. 
At the same time, the second horiZontal synchroniZation 

output m (see FIG. 7E) obtained by inverting the logic 
value of the ?rst horiZontal synchroniZation output BDS 
using the inverter 63 is set at loW level to reset the half 
frequency dividing circuit 35 and the quarter frequency 
dividing circuit 36, thereby temporarily stopping the gen 
eration of a fourth harmonic clock 4fo (see FIG. 7G) and an 
image processing clock PCLK (see FIG. 7H). When the 
counter 64 counts a predetermined number of clock pulses 
of the eighth harmonic clock 8fo (see FIG. 7B) and outputs 
the carry signal CR (see FIG. 7F), the ?rst horiZontal 
synchroniZation output BDS from the JK-F/F 62 is set at loW 
level to reset the counter 64. As a result, the second 
horiZontal synchroniZation output BDS is set at high level to 
cancel the reset states of the half frequency dividing circuit 
35 and the quarter frequency dividing circuit 36. 
When the reset state is canceled, the half frequency 

dividing circuit 35 resumes half frequency division of the 
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eighth harmonic clock 8fo and outputs the fourth harmonic 
clock 4fo again. At the same time, the quarter frequency 
dividing circuit 36 resumes quarter frequency division of the 
fourth harmonic clock 4fo and outputs the image processing 
clock PCLK again, thus obtaining the image processing 
clock PCLK Which has the same frequency as that of the 
output fo from the half quarter frequency dividing pre-scaler 
34, i.e., a reference clock fr (see FIG. 7A), and is synchro 
niZed With the leading edge of the horiZontal synchroniZa 
tion signal BD. 

MeanWhile, image data VDO (0, . . . , 3) is latched by the 

latch circuit 37 at the leading edge of the image processing 
clock PCLK, and is output as 600-dpi, 4-bit parallel image 
data V (0, . . . , 3) (see FIG. 71) at the same period as that 

of the image processing clock PCLK Which is delayed With 
respect to the leading edge by a predetermined period of 
time. The image data V (0, . . . , 3) is parallel/serial 
converted into a 2,400-dip, 1-bit serial image modulating 
signal PVDO (see FIG. 7]) by the parallel/serial conversion 
circuit 38. The semiconductor laser 80 emits light in accor 
dance With a laser drive signal from the laser drive circuit 
based on this image modulating signal PVDO, thereby 
obtaining a print result like the one shoWn in FIG. 7K in the 
main scan direction. 

According to this embodiment, the same effects as those 
of the ?rst embodiment can be obtained. In addition, since 
the respective blocks of the BD synchroniZation unit 65 are 
integrated into the IC 60, the respective circuit blocks can be 
easily integrated. This arrangement is therefore suitable for 
an IC. Since only a small number of components need to be 
externally connected to the IC, the circuit arrangement of the 
printer engine 2a can be simpli?ed. Therefore, the siZe and 
cost of the apparatus can be easily reduced. In addition, as 
is apparent, the second embodiment alloWs changes and 
modi?cations similar to those described With reference to 
the ?rst embodiment. 

In each embodiment described above, the image process 
ing clock PCLK is sent to the printer controller 1, and the 
printer controller 1 outputs the image data VDO (0, . . . , 3) 
in synchronism With the image processing clock PCLK. 
HoWever, the printer controller 1 may output the image data 
VDO (0, . . . , 3) together With a pixel clock in synchronism 
thereWith. 

In this case, the printer engine 2 or 2a includes a latch 
circuit for latching the image data VDO (0, . . . , 3) on the 

basis of the sent pixel clock so as to read out the image data 
VDO (0, . . . , 3) in synchronism With the image processing 
clock PCLK from the latch circuit. Such a latch circuit can 
be arranged in the IC 11 or 60. 

In each embodiment described above, parallel/serial con 
version of input image data is performed as pixel modulation 
processing. HoWever, for example, input image data may be 
converted into an image modulating signal having a pulse 
Width corresponding to the value of the image data. In this 
case, a component (e.g., a ROM) for converting input image 
data into data representing a pulse Width corresponding to 
the value of the data is arranged betWeen the latch circuit 37 
and the parallel/serial conversion circuit 38, and the division 
numbers in the frequency dividing circuits 34 to 36 are set 
to proper values. 

The folloWing shoWs an example of hoW 3-bit input 
image data is converted: 
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Input Image Data Converted Data 

0 (000) 0000000 
1 (001) 0001000 
2 (010) 0011000 
3 (011) 0011100 
4 (100) 0111100 
5 (101) 0111110 
6 (110) 1111110 
7 (111) 1111111 

In the above case, for example, a 1/14 frequency dividing 
pre-scaler is used as the pre-scaler 34, and a 1/7 frequency 
dividing circuit is used as the frequency dividing circuit 36. 

In the above case, each input image data consists of three 
bits. However, each input image data may consists of a 
different number of bits. In addition, input image data need 
not alWays be converted into data representing a pulse Width, 
but may be converted into data in another form. 
As has been described above, according to the above 

embodiments, a high-frequency clock having a frequency n 
times that of an image processing clock is generated by an 
inexpensive arrangement, and the phase error between the 
horizontal synchronization signal and the image processing 
clock is set to 1A or less the image processing clock period, 
thereby controlling the image formation start timing With a 
precision of % dot. 
More speci?cally, each embodiment described above 

includes a high-frequency clock generating means for gen 
erating a high-frequency clock having a frequency n (n is an 
integer that satis?es n22) times that of an oscillation output 
from a reference oscillator, an image processing clock 
generating means for generating an image processing clock 
on the basis of the high-frequency clock and a detection 
signal from a scan light detecting means such that the image 
processing clock is synchronized With the detection signal, 
and a modulating means for generating an image modulating 
signal by modulating an image signal on the basis of the 
high-frequency clock. In this arrangement, a light source is 
driven on the basis of the image modulating signal. 
Therefore, the image formation start timing can be con 
trolled With a precision of 1% dot With an inexpensive 
arrangement Without requiring any expensive quartz oscil 
lating circuit having a high oscillation frequency. 

The present invention is not limited to the above 
embodiments, and various changes and modi?cations can be 
made Within the scope of the appended claims. 
What is claimed is: 
1. An image forming apparatus having scanning means 

for scanning a rotating photosensitive member With light 
modulated on the basis of an image modulating signal and 
emitted from a light source, and scan light detecting means, 
placed at a predetermined position, for detecting scan light 
from said scanning means, comprising: 

a reference oscillator for outputting an oscillation having 
a frequency fr; 

high-frequency clock generating means for generating a 
high-frequency clock on the basis of the oscillation 
output by said reference oscillator, the high-frequency 
clock having a frequency of (n><fr) Where n is an integer 
that satis?es n22; 

image processing clock generating means for generating 
an image processing clock synchronized With a detec 
tion signal from said scan light detecting means on the 
basis of the high-frequency clock and the detection 
signal; and 
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modulating means for generating the image modulating 

signal by modulating the image signal on the basis of 
the high-frequency clock, 

Wherein said light source is driven on the basis of the 
image modulating signal. 

2. An apparatus according to claim 1, Wherein said 
high-frequency clock generating means comprises a phase 
locked loop circuit for performing control to generate the 
high-frequency clock phase-locked to an oscillation output 
from said reference oscillator. 

3. An apparatus according to claim 2, Wherein said 
phase-locked loop circuit comprises phase comparing means 
for receiving the oscillation output or a frequency division 
output of a frequency dividing means as a reference signal, 
a voltage-controlled oscillator for changing an oscillation 
output frequency on the basis of an output error signal from 
said phase comparing means, the frequency dividing means 
performing 14 frequency division of an oscillation output 
from said voltage-controlled oscillator and supplying the 
resultant signal as a comparison signal to said phase com 
paring means. 

4. An apparatus according to claim 1, Wherein said 
high-frequency clock generating means comprises reference 
oscillation frequency dividing means for frequency-dividing 
an oscillation output from said reference oscillator, and a 
phase-locked loop circuit for generating the high-frequency 
clock phase-locked to a frequency division output from said 
reference oscillation frequency dividing means. 

5. An apparatus according to claim 1, Wherein said image 
processing clock generating means comprises synchroniza 
tion signal generating means for generating a synchroniza 
tion signal phase-locked to the detection signal, and high 
frequency clock frequency dividing means for generating an 
image modulating clock by frequency-dividing the high 
frequency clock When the synchronization signal has a 
predetermined logic value, and stopping generation of the 
image modulating clock When the synchronization signal 
has another logic value. 

6. An apparatus according to claim 5, Wherein said 
synchronization signal generating means comprises reset 
signal generating means for generating a reset signal syn 
chronized With the detection signal, and a ?ip-?op Which has 
a data input terminal set at high level and outputs the 
synchronization signal on the basis of the reset signal and the 
detection signal. 

7. An apparatus according to claim 5, Wherein said 
synchronization signal generating means comprises an edge 
detecting circuit for detecting an edge of the detection signal 
in synchronism With the high-frequency clock, a counter for 
counting clock pulses of the high-frequency clock and 
outputting one pulse in a cycle of n clock pulses, and a 
?ip-?op having an output Whose logic value is inverted in 
accordance With the pulse and an output from said edge 
detecting circuit. 

8. An apparatus according to claim 5, Wherein said 
high-frequency clock frequency dividing means outputs an 
image modulating clock for generating the image modulat 
ing signal by performing 1/i< (k is an arbitrary integer that 
satis?es kin) frequency division of the high-frequency 
clock, and outputs an image processing clock obtained by 
performing 1/m (m is an arbitrary integer that satis?es 
m<k§n) frequency division of the high-frequency clock. 

9. An apparatus according to claim 5, Wherein said 
modulating means comprises a latch circuit for latching a 
parallel image signal in response to the image processing 
clock, and parallel/serial conversion means for converting 
an output from said latch circuit into serial data at a timing 
of the image modulating clock. 
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10. An apparatus according to claim 1, wherein said 
high-frequency clock generating means, said image process 
ing clock generating means, and said modulating means are 
formed into an integrated circuit. 

11. Asystem for outputting an image modulating signal to 
an image forming apparatus having scanning means for 
scanning a rotating photosensitive member With light modu 
lated on the basis of the image modulating signal and 
emitted from a light source, and scan light detecting means, 
placed at a predetermined position, for detecting scan light 
from said scanning means, comprising: 

a reference oscillator for outputting an oscillation having 
a frequency fr; 

high-frequency clock generating means for generating a 
high-frequency clock on the basis of the oscillation 
output by said reference oscillator, the high-frequency 
clock having a frequency of (n><fr), Where n is an 
integer that satis?es n22; 

image processing clock generating means for generating 
an image processing clock synchroniZed With a detec 
tion signal from said scan light detecting means on the 
basis of the high-frequency clock and the detection 
signal; and 

modulating means for generating the image modulating 
signal on the basis of image data in synchronism With 
the high-frequency clock. 

12. A system according to claim 11, Wherein said high 
frequency clock generating means comprises a phase-locked 
loop circuit for performing control to generate the high 
frequency clock phase-locked to an oscillation output from 
said reference oscillator. 

13. A system according to claim 12, Wherein said phase 
locked loop circuit comprises phase comparing means for 
receiving the oscillation output or a frequency division 
output of a frequency dividing means as a reference signal, 
a voltage-controlled oscillator for changing an oscillation 
output frequency on the basis of an output error signal from 
said phase comparing means, the frequency dividing means 
performing 14 frequency division of an oscillation output 
from said voltage-controlled oscillator and supplying the 
resultant signal as a comparison signal to said phase com 
paring means. 

14. A system according to claim 11, Wherein said high 
frequency clock generating means comprises reference 
oscillation frequency dividing means for frequency-dividing 
an oscillation output from said reference oscillator, and a 
phase-locked loop circuit for generating the high-frequency 
clock phase-locked to a frequency division output from said 
reference oscillation frequency dividing means. 

15. A system according to claim 11, Wherein said image 
processing clock generating means comprises synchroniZa 
tion signal generating means for generating a synchroniZa 
tion signal phase-locked to the detection signal, and high 
frequency clock frequency dividing means for generating an 
image modulating clock by frequency-dividing the high 
frequency clock When the synchroniZation signal has a 
predetermined logic value, and stopping generation of the 
image modulating clock When the synchroniZation signal 
has another logic value. 

16. A system according to claim 15, Wherein said syn 
chroniZation signal generating means comprises reset signal 
generating means for generating a reset signal synchroniZed 
With the detection signal, and a ?ip-?op Which has a data 
input terminal set at high level and outputs the synchroni 
Zation signal on the basis of the reset signal and the detection 
signal. 

17. A system according to claim 15, Wherein said syn 
chroniZation signal generating means comprises an edge 
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detecting circuit for detecting an edge of the detection signal 
in synchronism With the high-frequency clock, a counter for 
counting clock pulses of the high-frequency clock and 
outputting one pulse in a cycle of n clock pulses, and a 
?ip-?op having an output Whose logic value is inverted in 
accordance With the pulse and an output from said edge 
detecting circuit. 

18. A system according to claim 15, Wherein said high 
frequency clock frequency dividing means outputs an image 
modulating clock for generating the image modulating sig 
nal by performing 1/i< (k is an arbitrary integer that satis?es 
kin) frequency division of the high-frequency clock, and 
outputs an image processing clock obtained by performing 
l/rn (m is an arbitrary integer that satis?es m<k§n) frequency 
division of the high-frequency clock. 

19. A system according to claim 15, Wherein said modu 
lating means comprises a latch circuit for latching a parallel 
image signal in response to the image processing clock, and 
parallel/serial conversion means for converting an output 
from said latch circuit into serial data at a timing of the 
image modulating clock. 

20. A system according to claim 11, Wherein the high 
frequency clock generating means, the image processing 
clock generating means and the modulating means are in an 
integrated circuit. 

21. A synchroniZation clock generating apparatus com 
prising: 

a reference oscillator for outputting an oscillation having 
a frequency fr; 

high-frequency clock generating means for generating a 
high-frequency clock on the basis of the oscillation 
output by said reference oscillator, the high-frequency 
clock having a frequency of (n><fr) Where n is an integer 
that satis?es n22; and 

?rst frequency dividing means for frequency-dividing the 
high-frequency clock generated by said high-frequency 
clock generating means in synchronism With a prede 
termined trigger signal. 

22. An apparatus according to claim 21, Wherein said 
clock signal generating means comprises oscillation means 
Which oscillates at a frequency corresponding to a control 
signal, second frequency dividing means for frequency 
dividing an output from said oscillation means, and phase 
comparing means for comparing a phase of an output from 
said second frequency dividing means With a phase of the 
signal having the predetermined frequency and generating 
the control signal to said oscillation means. 

23. An apparatus according to claim 21, Wherein said ?rst 
frequency dividing means comprises a plurality of frequency 
dividing circuits for generating a plurality of synchroniZa 
tion clock signals having different frequencies. 

24. An apparatus according to claim 21, further compris 
ing means for synchroniZing an externally input synchroni 
Zation signal With a clock signal generated by said clock 
signal generating means and generating the predetermined 
trigger signal. 

25. An image modulating signal generating apparatus 
comprising: 

a reference oscillator for outputting an oscillation having 
a frequency fr; 

high-frequency clock generating means for generating a 
high-frequency clock on the basis of the oscillation 
output by said reference oscillator, the high-frequency 
clock having a frequency of (n><fr) Where n is an integer 
that satis?es n22; 

?rst frequency dividing means for frequency-dividing the 
high-frequency clock generated by said high-frequency 
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clock generating means in synchronisrn With a prede 
terrnined trigger signal; 

input means for inputting image data in synchronisrn With 
an output from said ?rst frequency dividing means; and 

image rnodulating signal generating means for generating 
an image rnodulating signal on the basis of the input 
image data. 

26. An apparatus according to claim 25, Wherein said 
clock signal generating means comprises oscillation means 
which oscillates at a frequency corresponding to a control 
signal, second frequency dividing means for frequency 
dividing an output from said oscillation means, and phase 
cornparing means for comparing a phase of an output from 
said second frequency dividing means with a phase of the 
signal having the predetermined frequency and generating 
the control signal to said oscillation means. 

27. An apparatus according to claim 25, Wherein said ?rst 
frequency dividing means comprises a plurality of frequency 
dividing circuits for generating synchroniZation clock sig 
nals having different frequencies, 

said input means inputs image data in synchronisrn With 
one of the plurality of synchroniZation clock signals, 
and said image rnodulating signal generating means 
generates an image rnodulating signal on the basis of 
the input image data and the other of the plurality of 
synchroniZation clock signals. 

28. An image forming apparatus comprising: 
a reference oscillator for outputting an oscillation having 

a frequency fr; 
high-frequency clock generating means for generating a 

high-frequency clock on the basis of the oscillation 
output by said reference oscillator, the high-frequency 
clock having a frequency of (n><fr) Where n is an integer 
that satis?es n22; 

?rst frequency dividing means for frequency-dividing the 
high-frequency clock generated by said high-frequency 
clock generating means in synchronisrn With a prede 
terrnined trigger signal; 

input means for inputting image data in synchronisrn With 
an output from said ?rst frequency dividing rneans; 

irnage rnodulating signal generating means for generating 
an image rnodulating signal on the basis of the input 
image data; and 

image forming means for forming an image on the basis 
of the image rnodulating signal. 

29. An apparatus according to claim 28, Wherein said 
clock signal generating means comprises oscillation means 
which oscillates at a frequency corresponding to a control 
signal, second frequency dividing means for frequency 
dividing an output from said oscillation means, and phase 
cornparing means for comparing a phase of an output from 
said second frequency dividing means with a phase of the 
signal having the predetermined frequency and generating 
the control signal to said oscillation means. 

16 
30. An apparatus according to claim 28, Wherein said ?rst 

frequency dividing means comprises a plurality of frequency 
dividing circuits for generating synchroniZation clock sig 
nals having different frequencies, 

5 said input means inputs image data in synchronisrn With 
one of the plurality of synchroniZation clock signals, 
and 

said image rnodulating signal generating means generates 
an image rnodulating signal on the basis of the input 
image data and the other of the plurality of synchroni 
Zation clock signals. 

31. An integrated circuit comprising: 

10 

an image data input terminal; 
a synchroniZation signal input terminal; 
an image rnodulating signal output terminal; 

15 

a clock signal generating circuit for, on the basis of a 
reference oscillation, generating a clock signal having 
a frequency (n22) times a predetermined frequency of 

20 said reference oscillation; and 

an image rnodulating signal generating circuit for gener 
ating an image rnodulating signal on the basis of image 
data input through said image data input terminal and 
the clock signal from said clock signal generating 
circuit. 

32. An integrated circuit according to claim 31, further 
comprising a ?rst frequency dividing circuit for frequency 
dividing the clock signal having the n-tirnes frequency. 

33. An integrated circuit according to claim 32, Wherein 
said circuit for generating the clock signal having the 
n-tirnes frequency comprises an oscillating circuit Which 
oscillates at a frequency corresponding to a control signal, a 
second frequency dividing circuit for frequency-dividing an 
output from said oscillating circuit, and a phase cornparing 
circuit for comparing a phase of an output from said second 
frequency dividing circuit With a phase of the signal having 
the predetermined frequency and generating the control 
signal to said oscillating circuit. 

34. An integrated circuit according to claim 31, Wherein 
said ?rst frequency dividing circuit comprises a plurality of 
frequency dividing circuits for generating a plurality of 
synchroniZation clock signals having different frequencies, 
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said integrated circuit further comprises a latch circuit for 
latching input image data in synchronisrn With one of 
the plurality of synchroniZation clock signals, and 

said image rnodulating signal generating circuit generates 
an image rnodulating signal on the basis of the image 
data latched by said image rnodulating signal generat 
ing circuit and the other of the plurality of synchroni 
Zation clock signals. 

35. An integrated circuit according to claim 31, further 
comprising means for synchroniZing the synchroniZation 
signal With the clock signal having the n-tirnes frequency. 
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